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Single nucleotide polymorphisms (SNPs) are the most common fom of genetic variation and are associated
with susceptibilityto various common diseases and response to drugs. A great deal of effort has been paid
inthe recent years towards the development of high throughput methods for the detection of SNPs･ Due to
仇e various disadvantages in the presently available methods, there is a need fbr血e development of new
methods for the detection SNPs. Among the varietyof possible approaches to this end, of particular interest
to us is the utilization of the small nuorescent molecules for the SNPs detection in combination with a DNA
duplex reconstituted with an oligonucleotide containing an abasic (AP) site･ In contrast to typical DNA-drug
bindings such as groove binding or intercalation, the AP site in DNA duplex provides unlque binding pocket･
The ligand possessing hydrogen (H)-bonding groups forms the pseudo-base pairing even in aqueous media
withinterhelical target nucleobase along the Watson-Crick edge, where the ligand is stacked in between two
nucleobases nanking the AP site.
Although several ligands have been explored and applied successfully to detect SNPs, the studies have been
camied out exclusively based onthe experimental approach. The structural and spectral features of the ligands
have been interpreted phenomenologlCally, in血e absence of rigorous electronic description･ Hence, combined
experimental and theoretical techniques are adopted here to clarifythe mechanism of the basp selectivityand
electronic properties of the ligands forthe SNPs detection･
2. Influence offlaJIking bases on the simultaneous recogmition of nucleobase and sites of DNA damage
Amiloride, composed of a pyrazinering and a guanidinium side moiety, was used previously for the selec-
tive detection of thymine (T) opposite to an AP site. In this chapter, I have focused the investigation onthe
effect of nanking bases onthe various noncovalent interactions insidethe duplex DNA･ The interaction of
amiloride to the T target was found to strongly depend on the basesflanking the AP site and different bind-
lng modes were observed withdifferentflanking bases. From the molecular modeling, it is clearly seen that
amiloride follows the binding through major groove withguanine (G)flanking bases, while it is through
minor groove with Tflanking bases. Absorpt10n spectral trends and binding constant measurements add the
experimental support for the different binding pattems. Moreover, the emission behaviour of amiloride depends
on theflanking bases: its nuorescence is enhanced withTflanking bases, while it is quenched with G. Fi-
nally, to characterize amiloride photophysics inside the DNA duplex, time-dependent densityfunctional theory
(TDDFT) calculations were carried out･
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3. A sequence-dependent emissive ligand for the selective detection of thymidine-related SNPs
ln this chapter, 3,5-diamin0-6-chlor0-2-pyrazinecarbonitrile (DCPC) is used as a potential ‖light-up" probe
for the selective detection of T-related mutations. Selective binding of DCPC to T is confirmed by melting
temperature measurements and fluorescence spectral studies. The ground-state interactions of DCPC are further
characterized by UV-visible spectral shdies- and the binding constant measurements. The themodynamics of
the ligand-nucleotide interaction is investigated by isothermal titration calorimetry. The binding model is de-
rived from the molecular modeling. Nothing, but the electronic level interactions are found to depend on the
basesflankingthe AP site. DCPCfluorescence is enhanced with Tflanking bases, while it is quenched with
G･ In order to characterize the excited-state properties of DCPC at the AP site, TDDFT calculations are car-
ried out. The results suggestthat H-bonding and base-stacking with T do not influence the emissive properties
of DCPC. In contrast, base-stacking with G, is predicted to dramatically alterthe nature of the fluorescence
emission 'of DCPC. Finally, the "light-up" propertyof the ligand is successfully used for the selective detec-
tion of T-related SNPs uslng a Sequence Present in tumor suppressor gene p53.
4. Selective detection of cytosine by AMND: An unusual binding selectivity
It has been reported previously that 2-amino17lmethy1-I,8-naphthyridine (AMND) can recognize cytosine
over other nucleobases accompanied by the quenching of its fluorescence. The structural and spectral features
of AMND have been intelpreted phenomenologlCally, in the absence or rigorous electronic description. Experi一
mentalresults manifest the possibilityof the presence of comparable amounts of singly protonated and
unprotonated AMND in neutral solution. Now, in order to characterize the structure of AMND in both solu-
tion and in an AP site-containing DNA duplex, electrostatic potential (EP) at atomic sites is calculated as a
reactivityindex in the H-bond formation/protonation. Molecular modeling was carried out to get clear insight
into the binding motif of AMNDWith different target bases and obtained results agree well with the previ-
ously proposed binding motifs. To understand the electronic properties, TDDFT is applied to the system in
which AMND is binding witha target base and stacked with two nanking guanine. Finally, the absorpt10n




本論文は､水素結合性蛍光リガンドを-塩基多型(single nucleotide polymorphisms, SNPs)検出に適用
することに着目し､ DNA脱塩基部位における有機リガンド/核酸塩基間の相互作用解析に関する研究成果
を報告したものである｡
第一章では､序論として､ DNA結合性化合物､特に有機小分子化合物に関する現状と本研究の目的に
ついて記述している｡
第二章及び第三章では､蛍光性3,5-ジアミノビラジン化合物と脱塩基部位含有DNAとの相互作用を検
討し､電子求引性のシアノ基を有する3,5-ジアミノビラジン化合物(DCPC, 3,5-diamin0-6-chlor0-2-
pyrazine carbonitrile)が蛍光強度増加型のチミン検出リガンドとして機能しうることを新たに見出してい
る｡
第四章では､蛍光性3,5-ジアミノビラジン化合物(アミロライド)の結合特性について検討している｡
これまでに､アミロライドがDNA脱塩基部位対面のチミンと高選択的に結合しうること､また､アミロ
ライドをチミンが関与する一塩基変異検出に適用しうることは見出されていたが､本研究では､アミロラ
イドの結合特性が脱塩基部位の隣接塩基に著しく依存することを新たに見出し､その起因について詳細に
解析している｡ここでは､蛍光滴定法及びマイクロカロリメトリー､ 3-p NMR分光法を用いた相互作用
解析に加えて､密度汎関数法を用いた解析結果が述べられている｡
第五章では､蛍光性ナフチリジン化合物(AMND, 2-amin0-7-methyト1,8-naphthyridine)の核酸塩基選択
性について検討している｡これまでに､ AMNDがシトシン選択性を発現しうることは見出されていたが､
本研究では､その起因について､蛍光分光法及び紫外可視分光法､密度汎関数法を用いた詳細な解析結果
が述べられている｡
第六章では､本研究で得られた知見を総括している｡
以上の研究成果は､論文著者が自立して研究活動を行うに必要な高度の研究能力と学識を有することを
示している｡したがって､ Arivazhagan Rajendran君提出の論文は､博士(理学)の学位論文として合格と
認める｡
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